Introduction
============

The importance of a multiple levels of analysis for the understanding of psychiatric conditions is clear.^[@ref1]^ To understand a disorder we need to specify its behavioral profile (ie, its clinical description), the functional impairments that give rise to this behavioral profile (ie, cognitive psychology), the neural systems that mediate these functions (ie, systems neuroscience), the molecular-level factors that are impacting on the neural systems (ie, molecular neuroscience), and the genetic bases of these molecular-level factors. The aim of the current paper is to summarize the psychopathy literature on the first of these three levels. Currently, molecular neuroscience work on this disorder is in its infancy.

There has been recent concern regarding the heterogeneity in the findings, particularly the structural and functional imaging findings, on adults with psychopathy.^[@ref2]^ Indeed, an uncritical eye might consider most of cortex dysfunctional in this population. A recent review raised important methodological issues regarding the subject population, questioning, for example, whether findings from patient/forensic populations where psychopathy might be indexed by in-depth clinical interview are directly comparable with studies where psychopathic traits are measured by healthy subjects\' self-report.^[@ref2]^ While studies on healthy individuals are important (they allow dimensional work that is particularly useful for genetic analyses), the concern is that if we are unconfident about the neurobiological basis of the disorder, studies in healthy individuals may simply confuse the field. Considering this, they will not be considered in the current review.

Three other constraints should be mentioned regarding papers included in this review. First, a striking number of the published magnetic resonance imaging (MRI) studies did not match groups for IQ. Such matching is typical in the neuropsychological literature, but is not consistent in MRI studies with this population. A failure to match for IQ can lead to some misleading results (see also the structural MRI \[sMRI\] section below). At the very least, it means that it is impossible to conclude that a result reflects the disorder rather than simply the impact of IQ on brain structure or function. Consequently, studies where IQ was not clearly matched will not be considered in the current review (one exception is made for some recent provocative data, however).^[@ref3],[@ref4]^

Second, this review considers adults with psychopathy. As such, studies with youth with psychopathic traits will not be extensively reviewed.

Third, only results replicated in at least one other paper will be considered. For example, isolated findings of a reduction in cortical volume in a particular area, not replicated in at least one other paper, will not be considered.

Psychopathy: the behavioral profile
===================================

Psychopathy is a disorder characterized by pronounced emotional deficits, marked by reduction in guilt and empathy, and involves increased risk for displaying antisocial behavior.^[@ref5]^ The disorder is developmental. Psychopathic traits, particularly the emotional component, are relatively stable from childhood into adulthood.^[@ref6],[@ref7]^ One reason for the attention this classification receives is its strong predictive utility for institutional adjustment and recidivism (ie, reoffending).^[@ref8]^ Individuals with psychopathy are approximately three times more likely to reoffend than those with low psychopathic traits, and four times more likely to reoffend violently.^[@ref9]^ Admittedly, it is the past antisocial behavior, indexed by psychopathy assessments, that is particularly important in predicting future criminal activity.^[@ref8]^ However, it is the emotional component that characterizes psychopathy; high levels of antisocial behavior can develop from other neurobiological and socio-environmental risk factors.^[@ref10]^ Psychopathy is not equivalent to the *DSM-IV* diagnosis of conduct disorder or antisocial personality disorder (ASPD) or their *ICD-10* counterparts. The psychiatric diagnoses focus on antisocial behavior rather than underlying causes; ie, the emotion dysfunction seen in psychopathy.^[@ref11]^ As a consequence, individuals meeting the criteria for antisocial personality disorder are more heterogeneous in their pathophysiology than individuals meeting criteria for psychopathy.^[@ref12]^

Psychopathy: the cognitive profile
==================================

Before continuing it is worth noting that the term "cognitive" is being used to refer to all relevant computations conducted by the brain. Sometimes the term "affective" is used with respect to emotional processes.^[@ref13]^ However, for the purposes of this paper, affective processing will be considered as simply another form of cognitive processing.

With respect to cognitive dysfunction in psychopathy, the disorder is particularly interesting given the selectivity in the impairments seen. Thus, for example, executive functioning,^[@ref14]^ Theory of Mind,^[@ref15]^ and episodic memory (as long as it does not rely on augmentation by emotional content^[@ref16]^) are intact in individuals with this disorder. Indeed, the two main classes of model of psychopathy concentrate on only two forms of dysfunction: attentional^[@ref17]^ and emotional processing.^[@ref18],[@ref19]^

Psychopathy as a disorder of attention: the response set modulation hypothesis
------------------------------------------------------------------------------

According to the response modulation hypothesis, the difficulty faced by individuals with psychopathy relates to a problem in reallocating attention to secondary information when engaged in goal-directed behavior.^[@ref17],[@ref20]^ This difficulty in balancing the demands of goal-directed processing and secondary information processing creates a bias whereby psychopathic individuals are less responsive to affective information unless it is a central aspect of their goal-directed focus of attention. It is argued that "psychopathic individuals initially perceive and identify both primary and secondary information, but are particularly adept at using higher-order processes to resolve the competition between goal-relevant and secondary demands on attention" (p 227).^[@ref4]^ The authors argue that these higher-order processes create an "early attention bottleneck" that limits the processing of secondary information. Typically, an early attention bottleneck has implied that only physical and not abstract properties of a secondary stimulus are processed; the bottleneck occurs within the visual stream, with "early" processing corresponding to physical feature as opposed to abstract feature processing.^[@ref21]^ However, Newman and colleagues use the term in a temporal sense; processing by higher order processes of the first stimulus in a sequence of stimuli acts as a bottleneck for processing the second stimulus in a sequence.

It is clear that regions implicated in top-down attentional control (ie, higher order attentional processes), such as lateral frontal, dorsomedial, and parietal cortices, impact the amygdala\'s response to emotional stimuli. Increased priming of task-relevant representations by these regions is thought to reduce the representational strength of emotional stimuli within temporal cortex, following representational competition,^[@ref22]^ and consequently reduce amygdala responses to these stimuli.^[@ref23],[@ref24]^ In short, the reduced emotional responsiveness of individuals with elevated psychopathic traits could be a secondary consequence of heightened top-down attentional control to non-emotional stimulus features.^[@ref25]^

In recent studies in adults with psychopathy, Newman and colleagues manipulated attention either towards the threat-relevant component of a stimulus array or away from this component and examined fear-potentiated startle (FPS).^[@ref3],[@ref4]^ In each of these studies, psychopathy scores were significantly inversely related to FPS under conditions that required participants to focus on a threat-irrelevant dimension of stimuli. In contrast, psychopathy scores were unrelated to FPS when attention was focused on the threat-relevant dimension.

These studies provide important support for the suggestion that it is an attentional abnormality, rather than a problem in emotional responding, that is central to an understanding of psychopathy. Given the literature on the interaction of top-down attentional control and emotional responding,^[@ref23],[@ref24]^ these data should suggest that psychopathy is related to enhanced recruitment of regions implicated in top-down attentional control (ie, dorsomedial and lateral frontal and parietal cortices^[@ref26]^). The stronger these are recruited (as a function of psychopathy), the stronger the priming of threat irrelevant stimulus dimensions, the weaker the representation of threat relevant stimulus dimensions following representational competition, and the weaker the emotional response.

However, there are at least five reasons to be cautious. First, while these are correlational studies within a forensic sample, and thus studies where IQ could not be matched across groups, it remains critical to show that IQ did not correlate with psychopathy level. Otherwise the results might reflect the influence of IQ rather than psychopathy. However, this matching was not done.

Second, only the individuals with psychopathy showed an impact of the attentional manipulation. Individuals low in psychopathy showed no differentiation in their fear-potentiated startle as a function of whether attention was directed towards or away from threat-relevant stimulus features. It is currently unclear why this paradigm contrasts with other work showing that manipulations of attention do have an impact on emotional responding in healthy individuals.^[@ref23],[@ref24]^

Third, while superior recruitment of top-down attentional control systems would result in reduced emotional responses to emotional stimuli that are not the focus of attention, there are no indications of increased recruitment of such systems in the studies showing reduced amygdala responses to emotional stimuli in adults with psychopathy.

Fourth, several studies have shown reduced FPS in individuals with psychopathy to environmental threats in the absence of task demands to attend to other stimulus features.^[@ref27],[@ref28]^ It is unclear what early stimuli are blocking the processing of the threat prime in these studies.

Fifth, if higher-order processing of the first stimulus in a sequence of stimuli acts as a bottleneck for processing the second stimulus in a sequence, why is the attentional blink apparently decreased in individuals with psychopathy? In attentional blink experiments, two targets are embedded within a stream of distracters in a rapid serial visual presentation with the second (T2) appearing at different temporal "lags" in relation to the first (T1). The classic pattern of results identified in the attentional blink task reflects a participant\'s reduced ability to report the identity of T2 if it is presented between approximately 100 ms and 600 ms after onset of T1.^[@ref29]^ One might have considered that the "bottleneck" created by the first target stimulus should prevent the processing of later stimuli in the sequence. However, the data indicates that targets presented after the target (at least at lag 4 \[320 ms\] and greater) are more likely to be recognized in individuals with psychopathy relative to controls.^[@ref30]^ The authors make reference to an interpretation of the attentional blink as reflecting the conflict between consolidating one\'s perception of T1 and reallocating attention in response to a lag-1 distracter.^[@ref31]^ They argue that because of reduced representation of the lag1 distracter, less conflict is generated and there is more possibility of allocating attention to stimuli greater than lag-1 after the target. The difficulty for this explanation is that it would predict reduced accuracy for the lag-f distracter (reflecting its reduced representation), and this was not seen.^[@ref30]^

In summary, 20 years after its development, the response set modulation hypothesis remains highly influential. We have not attempted a full critique here,^[@ref25]^ but instead have concentrated on the newest version of the model suggesting an early attentional bottleneck. Irrespective of the difficulties, it has been highly successful in generating a wide array of paradigms for understanding the disorder, with some of the data from these paradigms proving challenging for emotion based views of psychopathy.

Emotion-based accounts
----------------------

Adults with psychopathy show a variety of emotional processing impairments. For example, they show:

\(i\) Reduced autonomic responses to the pain and distress of others^[@ref32]-[@ref34]^

\(ii\) Reduced recognition of emotional expressions (for meta-analytic reviews of this literature, see refs 35,36). Interestingly, this impairment is relatively selective. Recognition of fearful, sad, and happy expressions is clearly reduced, while the recognition of disgusted and angry expressions remains intact^[@ref35],[@ref36]^

\(iii\) Reduced aversive conditioning; they are less likely to show autonomic activity to stimuli associated with shock^[@ref37]^

\(iv\) Pronounced difficulties with reinforcement based decision-making.^[@ref38]^

These are seen in:

\(a\) Extinction: where the participant learns to respond to a stimulus for reward but, after a set number of trials, this responding must be extinguished because the reinforcement contingencies have changed and the response is no longer rewarded^[@ref39]^

\(b\) Reversal learning: where the participant learns to make one form of response to a pair of stimuli to gain a reward but, after a set number of trials, this response must change, due to a change in reinforcement contingency, in order to gain the reward^[@ref40]^

\(c\) Economic decision-making paradigms: the Ultimatum game involves the participant and another individual. The participant has to decide whether to accept the offer of a share of resources made by the individual. This can be fair (eg, making a 50:50 split on \$20 so each gains \$10) or progressively unfair (eg, only \$4 is offered to the participant). Individuals with psychopathy show increased rejection of unfair offers, even at cost to themselves, relative to comparison individuals^[@ref41]^

\(d\) Moral judgment: Individuals with psychopathy show reduced responsiveness to what can be termed "care-based" transgressions (ie, transgressions involving harm to another; eg, one person hitting another^[@ref10]^). This has been seen using a variety of paradigms.^[@ref18],[@ref42]-[@ref45]^ Again this impairment in transgression processing is selective. Care-based transgressions are reliant on appropriate responsiveness to the pain and distress of others.^[@ref10]^ As noted above, this is dysfunctional in adults with psychopathy.^[@ref32]-[@ref36]^ In contrast, conventional transgressions (reliant on authority; eg, talking in class) are reliant on appropriate responsiveness to other individual\'s anger while disgust-based transgressions (that can cover aspects of sexual behavior) are reliant on appropriate responsiveness of other individual\'s disgust.^[@ref10]^) Adults with psychopathy show intact processing of these emotional expressions.^[@ref35],[@ref36]^ They also show intact processing of these forms of transgression.^[@ref18],[@ref42]-[@ref44]^

Given these data, a variety of authors have suggested that an emotional dysfunction underpins the deficits seen in individuals with psychopathy.^[@ref18],[@ref19],[@ref28],[@ref46]-[@ref49]^ The oldest of these positions suggested that punishment processing was dysfunctional while reward processing was intact or even possibly superior. ^[@ref18],[@ref28],[@ref46]-[@ref48]^ It is now clear that the situation is considerably more complicated.^[@ref10]^

Three critical data points are important to note. First, the expression impairment is not seen for all aversive expressions; it is seen for fear and sadness but not anger and disgust. This is inconsistent with a general impairment in processing aversive stimuli. Second, the expression processing impairment is also seen for happy expressions. This suggests that the processing of rewarded stimuli is also disrupted. Third, the immediate response to punishment is intact in adults with psychopathy.

To consider the last point in more detail, when the participant is punished on a task such as the reversal learning paradigm, they are likely to change their response on the next trial. If this new response is then rewarded, they are more likely to stay with the new response. Punishment signals that a change in response should occur. If punishment processing was the principle problem in psychopathy, then adults with psychopathy should not change their responding following punishment. Yet adults with psychopathy are as likely to change their response following punishment as comparison adults.^[@ref40]^ The idea is that the individual\'s choices are determined by the relative reward values of the responses available to them. The individual is more likely to stay with a new response following its reward because the expected reward value of this new response is now stronger than the expected reward value of the old response.^[@ref50]^ If there is deficient representation of expected value, the individual\'s decision-making will be poorer; they should be more likely to return to an old, now punished, response rather than stay with the new rewarded response. This exact behavioral profile is seen in adults with psychopathy; they are significantly more likely to change their response following a reward than comparison individuals.^[@ref40]^

In other words, models of psychopathy stressing only impairment in punishment processing are insufficient. From a cognitive perspective, it appears that individuals with psychopathy face two core difficulties with respect to emotional processing.^[@ref10]^

First, they show impairment in stimulus-reinforcement learning (associating a reward or punishment value with a stimulus). This is most clearly manifested in their difficulty on aversive conditioning tasks.^[@ref37]^ But it is also relevant to their impairment in processing both the distress (their fear, sadness, and pain) as well as the happiness of others.^[@ref35],[@ref36]^ Emotional expressions can be considered to be reinforcers allowing humans to rapidly transmit valence information on objects and actions between one another; you regard actions resulting in fear and pain as bad and actions resulting in happiness as good.^[@ref51]^ Indeed, it is argued that care-based transgressions come to be regarded as "bad" because of the association of representations of these transgressions with the aversive feedback of the distress of the victims of these transgressions.^[@ref10]^ In line with the position here, adults with psychopathy regard care -based transgressions as less bad than comparison adults.^[@ref18],[@ref42]-[@ref45]^

Second, they show impairment in the representation of reinforcement outcome information.^[@ref10]^ As noted above, impaired representation of reinforcement outcome information allows an explanation of why individuals with psychopathy are more likely to change their response following a *reward* for that response. The value of the new response is updated and represented more poorly resulting in another response being chosen, leading to an increased probability that the subject will change their response. Similarly, on the Ultimatum game, individuals with psychopathy will be more likely to reject offers,^[@ref41]^ even though this will cost them money, because they less well represent the reward value of this money. There is also likely a third difficulty in prediction error signaling. If an individual receives more or less reward than expected or more or less punishment than expected, this generates a prediction error; the greater the difference between prediction and reality, the greater the prediction error. Prediction errors are critical for reinforcement-based learning. The greater the prediction error, the faster the system will attempt to learn the new value of the stimulus or action.^[@ref52]^ However, this third impairment will not be considered in any further detail here as the data supporting its existence is obtained with youth with psychopathic traits.^[@ref53]^ The relevant studies have yet to be done in adults with psychopathy.

Psychopathy: the neural profile
===============================

Both structural and functional magnetic resonance imaging studies can inform an account of psychopathy. We will briefly consider the current state of the literature regarding these studies. Note though that only studies where groups were matched for IQ will be considered. The importance of appropriate matching can be seen from the data presented in a recent sMRI study.^[@ref54]^ This study reported a 30% reduction across much of cortex in adults with psychopathy relative to healthy comparison individuals.^[@ref54]^ However, these results were only seen when comparing individuals with psychopathy with healthy comparison individuals. The IQ and, for that matter, the substance dependence rates of these comparison individuals, was not reported but it is likely, given their job descriptions (students, hospital staff, and skilled workers), that their average IQ was significantly higher and their average substance dependence rate was significantly lower than those of the patients. These confounds may have driven the findings. This suggestion is supported from the authors\' data on only the patients. Groups of patients with high psychopathy vs low psychopathy scores, matched for IQ, showed very minimal differences in cortical volume.^[@ref54]^

sMRI studies
------------

A series of findings, reported across labs where appropriate IQ comparisons have been made, are worth noting. Not all studies have reported reduced volumes in these regions in psychopathy but none (at least involving IQ matched samples) have reported increased volumes in these regions. Thus, three studies have reported reduced amygdala volumes in adults with psychopathy^[@ref55]-[@ref57]^including the largest structural imaging study of this population to date (N=296).^[@ref55]^ Similarly, four studies have reported reductions in temporal pole^[@ref55],[@ref58]-[@ref60]^ and two in STS.^[@ref58],[@ref61]^ Three studies have reported reductions in orbitofrontal cortex.^[@ref55],[@ref58],[@ref61]^ Moreover, and interestingly given the extensive connections between the amygdala and orbitofrontal cortex though the uncinate fasciculus white matter tract, all three DTI studies examining the structural integrity of this tract in individuals with psychopathy have reported reduced structural integrity relative to comparison individuals.^[@ref62]-[@ref61]^

Functional MRI studies
----------------------

Regrettably, again, many of the functional MRI (fMRI) studies of psychopathy, even when IQ was assessed (as an IQ\<80 was exclusory), did not report that groups were matched for IQ making their interpretation problematic. Consequently, the data from such studies will not be considered here. However, studies where appropriate IQ matching was conducted include investigations of moral judgment,^[@ref65],[@ref66]^ expression processing,^[@ref67],[@ref68]^ emotional memory,^[@ref69]^ processing abstract and concrete words,^[@ref70]^ emotional Theory of Mind,^[@ref71]^ and connectivity mapping.^[@ref64],[@ref72]^

Several of these studies support the sMRI findings of core dysfunction in the amygdala. Thus, individuals with psychopathy have been reported to show amygdala activity during moral judgment^[@ref66]^ and also a weaker positive association between amygdala activity and severity ratings of transgressions than is seen in healthy individuals.^[@ref65]^ In addition, violent schizophrenic patients with psychopathy show reduced amygdala responses to fearful expressions^[@ref68]^---though a relationship between psychopathic traits in aggressive individuals and amygdala responsiveness was not seen in another study.^[@ref67]^ In addition, a reduction in amygdala activity was seen during an emotional memory paradigm.^[@ref69]^ Currently, though the literature with respect to orbital/ventromedial frontal cortex (vmPFC) is less convincing. One study reported a reduction in the differential responsiveness of vmPFC to moral and nonmoral images.^[@ref65]^ However, a second study reported *increased* vmPFC responses in individuals with psychopathy when performing a task involving the identification of other individual\'s emotional responsiveness (this increased vmPFC responsiveness did not relate to the emotional content as it was also seen in the non-emotional control condition).^[@ref71]^ Notably, though, studies have shown weaker functional connectivity between vmPFC and the amygdala^[@ref64]^ and between vmPFC and posterior cingulate cortex.^[@ref72]^

Given the findings of reductions in the temporal pole, it is interesting to note that studies have reported reduced responsiveness within this region to moral transgressions^[@ref65]^ and abstract words.^[@ref70]^ There have also been two reports of reduced posterior cingulate cortex responsiveness: during the processing of moral transgressions^[@ref66]^ and emotional memory.^[@ref69]^ In addition, posterior cingulate cortex shows reduced connectivity with vmPFC and regions of posterior cortex engaged in visual representation and attention priming.^[@ref72]^ Two studies have also observed anomalous responsiveness within rostral medial frontal cortex. Thus, one study showed reduced activity within this region during moral judgment with increasing psychopathic traits.^[@ref66]^ A second showed *increased* activity within this region relative to comparison individuals to judgments concerning vignette character\'s emotional states.^[@ref71]^

The implications of these data for models of psychopathy
--------------------------------------------------------

From a neurobiological perspective, there are two main accounts of psychopathy.^[@ref11],[@ref49]^ Kiehl\'s model, the paralimbic hypothesis, has been driven by suggestions that specific brain regions share similar cytoarchitectonic features regarding neuronal type, structure and density.^[@ref49],[@ref73]^ On the basis of cytoarchitectonic information, Kiehl has argued that the amygdala, orbital frontal cortex, all of cingulate cortex, parahippocampal area, and insula are all dysfunctional in individuals with psychopathy.^[@ref49],[@ref73]^ Regions of temporal cortex are also implicated, with superior temporal sulcus stressed in the earlier review^[@ref49]^ in contrast to temporal pole in the more recent review.^[@ref73]^ The strength of this model are that it can easily account for indications of dysfunction outside of the three main areas, amygdala, vmPFC, and striatum, stressed by Blair.^[@ref10],[@ref74]^ However, there are two main difficulties faced by this model.

First, how to handle the empirical data. Consider the Ermer et al (2011) sMRI study, for example. It is striking in that the reduced grey matter was confined to posterior cingulate cortex - not all of cingulate cortex as the cytoarchitectonic-based model would predict. Should this be considered simply a Type II error? But if it is not, what does it mean for the model that one region appears untouched while other regions, with the same cytoarchitectonic properties, show dysfunction?

Second, the neuropsychological literature does not support the idea of dysfunction in several of the regions implicated by the paralimbic hypothesis. For example, the hippocampus is critical for episodic memory. While individuals with elevated CU traits may show a failure in the augmentation, by the amygdala, of emotional memory, they show no significant general episodic memory impairment that parahippocampal dysfunction would predict.^[@ref16]^ Similar arguments can be made for the roles of anterior cingulate cortex in conflict monitoring (if anything superior in psychopathy) and superior temporal cortex and temporal pole in Theory of Mind, consistently found to be intact in psychopathy.^[@ref15]^ Of course, the question then becomes why are some regions showing indications of reduced gray matter when functions mediated by these systems remain intact? One possible answer is that the gray matter reduction in some of these regions is a developmental consequence of consequence of reduced input from regions that are dysfunctional in psychopathy such as the amygdala.^[@ref10]^ A second possibility is that only some of the functions these regions are implicated in *are* dysfunctional (though what these might be needs to be specified for hippocampus and temporal pole, for example). Either possibility suggests that the paralimbic hypothesis requires greater detail.

A contrasting view, termed the Integrated Emotion Systems (IBS) model, will be briefly developed here.^[@ref10]^ This model takes a cautious approach when considering which regions might be dysfunctional in individuals with psychopathy. Not only must the fMRI data indicate aberrant activity within a region but also the functions mediated by these regions must be shown to be disrupted (and putatively related to the development of the disorder). An fMRI study might identify reduced activity in an area. But this need not reflect dysfunction in the integrity of that area. Instead, it may reflect reduced input to this area from another region that is dysfunctional in psychopathy. A different study, using a task that does not rely on the integrity of the dysfunctional region(s) might show no reduced activity in the area. The IES model follows Patrick\'s seminal work stressing the importance of the amygdala.^[@ref28]^ The amygdala is critical for stimulus-reinforcement learning; both for aversive and appetitive reinforcements.^[@ref75],[@ref76]^ Stimulus-reinforcement learning, as indexed by aversive conditioning, is impaired in psychopathy.^[@ref37]^ Indeed, adults with psychopathy show reduced amygdala responses during aversive conditioning (though, it should be noted, it is unclear whether the groups were matched for IQ in this study).^[@ref77]^ The emotional expressions of fear, sadness, and happiness are thought to initiate stimulus-reinforcement learning; they allow the individual to learn the value of the object or action to which they are displayed.^[@ref51]^ The amygdala is important for processing these expressions (particularly fear).^[@ref78]^ In line with the amygdala dysfunction hypothesis, violent patients with psychopathy show reduced amygdala responses to fearful expressions.^[@ref68]^ According to the IES model, care-based transgressions come to be regarded as "bad" because of the association of representations of these transgressions with the aversive feedback of the distress of the victims of these transgressions.^[@ref10]^ Amygdala dysfunction, and consequent impaired stimulus-reinforcement learning and responsiveness to the distress of others, should result in a deficient response to care-based transgressions. At the neural level this should be partly manifested as a reduced amygdala response to care-based transgressions. The data is consistent with this suggestion.^[@ref65],[@ref66]^

During instrumental learning tasks, where the individual is attempting to learn an action to gain reward or avoid punishment, the amygdala and/ or striatum feeds reinforcement expectancy information to ventromedial frontal cortex where this information is represented.^[@ref50]^ Given the diffusion tensor imaging data showing reduced integrity of the white matter tracts between the amygdala and vmPFC in psychopathy,^[@ref62]-[@ref64]^ it is likely that this feed-forward of reinforcement information occurs less successfully. This suggestion is also consistent with data showing reduced amygdala-vmPFC functional connectivity in adults with psychopathy.^[@ref64]^ The representation of expected outcome information (how good or bad the action is) within vmPFC is also thought to be dysfunctional.^[@ref10]^ This is consistent with the data from Harenski and colleagues\' moral judgment task.^[@ref65]^ However, formal fMRI modeling work that would directly address the issue has only been done in youth with psychopathic traits,^[@ref53]^ not adult samples. Similarly, studies demonstrating dysfunction in the role of striatum in prediction error signaling have not been conducted in adults with psychopathy, only youth with psychopathic traits.^[@ref53]^

Conclusions
===========

Psychopathy is a serious developmental disorder marked by pronounced emotional dysfunction and an increased risk for aggression. It is not equivalent to antisocial personality disorder from *DSM-IV-R*. Individuals meeting criteria for psychopathy with gold standard assessment techniques will also meet criteria for antisocial personality disorder. However, many other individuals with antisocial personality disorder will not meet criteria for psychopathy.^[@ref59]^

It is argued here that the emotion dysfunction relates to three core functional impairments: in the association of stimuli with reinforcement, the representation of expected value information and in prediction error signaling. These impairments are thought to relate to the observed dysfunction seen in both sMRI and fMRI studies within the amygdala, vmPFC, and (currently only in work with youth samples) striatum. Other regions of temporal cortex (temporal pole and superior temporal sulcus) may also be dysfunctional---though whether this reflects primary pathology or the secondary, developmental impact of dysfunction in the core regions is unclear. It is also unclear whether any functions reliant on these regions are detrimentally affected in individuals with psychopathy. Finally, there is sMRI and fMRI evidence of posterior cingulate cortex dysfunction. This is interesting given the extensive connectivity of this region with vmPFC and also its shared overlap in function. Both regions are implicated in the representation of expected value.^[@ref79]^ However, as yet, no studies have formally investigated the representation of expected value within posterior cingulate cortex in adults with psychopathy.

Importantly, by specifying the computational and neural systems level impairments that are associated with this disorder, we now have available biomarkers of dysfunction. Such biomarkers are not only of potential use in diagnostic classification---the functional impairments in one aggressive patient may be very different from those of another---but also for assessing treatment efficacy. Currently, this disorder is regarded as extremely difficult to treat. Moreover, treatment studies are difficult when the outcome measure may be reoffending or incidence of aggressive episodes. However, with appropriate biomarkers it becomes possible to use these to determine treatment efficacy. The field is currently at this exciting stage. Now we need to identify effective treatments.
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